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7KHPDQDJHPHQWRI UHQHZDEOHHQHUJ\ UHVRXUFHVSOD\VDQ LPSRUWDQW UROH LQ WKHDYDLODELOLW\ VWDELOLW\DQGHQHUJ\TXDOLW\ LQ WKH
PRGHUQSRZHUV\VWHPV$NH\UROHRIWKHHQHUJ\PDQDJHPHQWSROLFLHVLVSOD\HGE\WKHSULPDU\UHVRXUFHDYDLODELOLW\DGMXVWPHQW
WRWKHUHTXLUHGFRQVXPSWLRQ$VWKHUHQHZDEOHHQHUJ\UHVRXUFHVDUHYDULDEOHLQWLPHWKHLUIRUHFDVWUHSUHVHQWVDQLPSRUWDQWLVVXH
,Q WKLVSDSHU LV H[SORUHGKRZ WKHXVHRI FRQVHFUDWHG DUWLILFLDO LQWHOOLJHQFH WHFKQLTXHV VXFK DV IHHGIRUZDUG DQG(OPDQQHXUDO
QHWZRUNVDUHVXLWDEOHIRUVXFKHQHUJ\SURGXFWLRQIRUHFDVWLQJ7KHPDLQUHDVRQ LV WKDWDUWLILFLDO LQWHOOLJHQFH WHFKQLTXHVRIIHUVD
YLDEOHVROXWLRQWRFRUUHFWWKHEHKDYLRURIWKHVHV\VWHPVZKLOHRSHUDWLQJE\OHDUQLQJWKHFKDQJHVWKDWRFFXUDVDUHVXOWRISRZHU








7KH HQHUJ\ VHFWRU SOD\V DQ LPSRUWDQW UROH LQ WKH QRZDGD\V OLIH DQG HFRQRP\ (QHUJ\ FRQVXPSWLRQ LV FORVHO\
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SUREOHPVPRVWRI WKHPFDXVHGE\ WKH W\SHDQG WKHXVDJHRI WKHSULPDU\ UHVRXUFHV$GLUHFWLRQRIFRUUHFWLQJ WKLV
SUREOHPVKDVEHHQIRXQGDWWKLVVWDJHLQWKHDGRSWLRQRIFRQVXPHUGHYLFHVDQGHTXLSPHQWPRUHHQHUJ\HIILFLHQWRULQ
WKH UHQHZDEOH HQHUJ\ UHVRXUFHVXVDJH5HJDUGLQJ WKHSHQHWUDWLRQRI QHZHQHUJ\ VRXUFHV LW FDQEHQRWHG D VWHDG\
LQFUHDVHRIWKHLULPSDFWEXWDOVRDQLVVXHGLYHUVLILFDWLRQWREHVROYHGRQGLIIHUHQWOHYHOV2QWKHPDQDJHPHQWOHYHO
IRUH[DPSOHDVLJQLILFDQWLPSDFWRQWKHHQHUJ\V\VWHPVLVJLYHQE\WKHVSHFLILFUHQHZDEOHUHVRXUFHDYDLODELOLW\7KH
SDSHU LQYHVWLJDWHV WKH SRVVLELOLW\ WR LPSURYH WKH PDQDJHPHQW V\VWHP IRU HQHUJ\ SURGXFWLRQ EDVHG RQ VRODU
SKRWRYROWDLFHQHUJ\E\HVWLPDWLQJWKHDYDLODELOLW\RISULPDU\VRODUHQHUJ\WRPLQLPL]HWKHLPSDFWRIVRODUYDULDQFH




x ILQDQFH DQG EDQNLQJLQVXUDQFH >@ DQDO\VLV RI H[FKDQJH UDWH HYROXWLRQ SUHGLFWLRQV UHJDUGLQJ WKH
HYROXWLRQVRIILQDQFLDOPDUNHWVDQGFDSLWDOULVNDVVHVVPHQWHVWDEOLVKLQJILQDQFLDOLQYHVWPHQWSRUWIROLRV
x LQGXVWULDODQGDJULFXOWXUDOSURGXFWLRQ>@LQGXVWULDODQGDJULFXOWXUDOSURGXFWLRQSODQQLQJVWRFNV






/LWHUDWXUH RIIHUV QXPHURXV UHVRXUFHV UHJDUGLQJ WKH VRODU SKRWRYROWDLF HQHUJ\ IRUHFDVW )RU H[DPSOH WKH
UHVHDUFKHUV SHUIRUPHG D VHULHV RI UHVHDUFKHV RQ SUHGLFWLQJ WKH VRODU UDGLDWLRQ >@ ZKHWKHU GDLO\ VRODU UDGLDWLRQ
>@RUKRXUO\VRODUUDGLDWLRQ>@$SSURDFKHVDUHIRXQGQRWRQO\LQWHUPVRIVRODUUDGLDWLRQDYDLODELOLW\EXWDOVR
LQWHUPVRIVRODUUDGLDWLRQHOHFWULFLW\RXWSXWIURPWKHSKRWRYROWDLFV\VWHPV>@
+RZHYHU D VWXG\ RQ VRODU HQHUJ\ DYDLODELOLW\ RU HQHUJ\ SURGXFWLRQ IURP SKRWRYROWDLF VRXUFHV HVWLPDWLRQ LV
QHFHVVDU\IURPVHYHUDOSRLQWVRIYLHZVXFKDV
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7KHQXPEHURIKLGGHQOD\HUVRID0/3QHXUDOQHWZRUNLVQRWOLPLWHGEXWVRPHVWXGLHVKDYHIRXQGWKDWLQPRVW
SUDFWLFDOSUREOHPVLVVXIILFLHQWWRXVHDPD[LPXPRIWZRKLGGHQOD\HUV5HJDUGLQJWKHQXPEHURIQHXURQVLQHDFK
OD\HU LW GHSHQGV RQ WKH QDWXUH RI WKH PRGHOHG SUREOHP 2YHUDOO LW FDQ¶W EH GHILQHG D JHQHUDO SURFHGXUH IRU
DSSUR[LPDWLQJWKHQHXUDOQHWZRUNVWUXFWXUH
















GDWD VHULHV YDOXHV RI WKH SDVW SUHVHQW DQG IXWXUH 8VXDOO\ WKH DVVXPSWLRQ LV WKDW WKH IXQFWLRQDO UHODWLRQ LV QRW
FRPSOHWHO\ GHWHUPLQLVWLF EXW FRQWDLQV VRPH VWRFKDVWLF SDUWV2IWHQ WKH GHWHUPLQLVWLF FRPSRQHQW LV QRW GRPLQDQW
WKHUHDUHPDQ\FDVHVZKHUHWKHVWRFKDVWLFFRPSRQHQWSUHYDLOV
7KH LGHD RI DSSO\LQJ QHXUDO QHWZRUNV RQ GDWD VHULHV SUHGLFWLRQ RULJLQDWHV LQ WKH REVHUYDWLRQ WKDW IXQFWLRQDO







7KHPDLQGDWDSUHSURFHVVLQJ LVJLYHQE\ WKH WLPH VFDOLQJZKLFK LQYROYHV WKH WUDQVIRUPDWLRQRIFKURQRORJLFDO
VHULHVRIGDWDYDOXHVLQWKHUDQJH>@RU>@7KHUHVFDOLQJLVPDGHE\OLQHDUWUDQVIRUPDWLRQVRQWKHFRPSRQHQWV
%\ XVLQJ WKH GDWD LW LV SRVVLEOH WR EXLOG SUHGLFWLYHPRGHOV%XW DPDMRU SUREOHP LV WR WHVW WKH YDOLGLW\ RI WKH
JHQHUDO SDWWHUQ7R VROYH WKLV SUREOHP WKHGDWD DUH VSOLW LQWR WZRJURXSV WKH WUDLQLQJGDWD DQG WKH WHVW GDWD7KH
PRGHOLVFRQVWUXFWHGXVLQJRQO\WKHWUDLQLQJGDWDDQGPRGHOWHVWLQJLVGRQHXVLQJRQO\WHVWLQJGDWD
,QWKHFDVHRIGDWDVHULHVSUHGLFWLRQDWLPHVHULHVLVFKRVHQXVXDOO\RIYDOXHVRUDYDOXHFORVHWRLWDQGWKH
VDWXUDWLRQRI WKH OHDUQLQJSURFHVVE\SUHVHQWLQJD ODUJHQXPEHURIGDWDPXVWEHDYRLGHGEHFDXVH LWFDQQHJDWLYHO\
DIIHFWWKHQHWZRUNJHQHUDOL]DWLRQFDSDFLW\
6HWWLQJ WKH LQSXW [DQG WKHRXWSXW ]YHFWRUVZLOOEHDV IROORZVDQ LQWHUYDO WZKLFK LQFOXGHV WLPHVHULHVZLWK












QHWZRUNV ZLWK GLIIHUHQW SDUDPHWHUV VXFK DV QXPEHU RI QHXURQV GDWH ZLQGRZ OHDUQLQJ UDWH QXPEHU RI OHDUQLQJ
HSRFKVDQGHUURUOHDUQLQJZDVSURSRVHG
7KH ILUVW VWDJH FRQVLVWHG LQ WKH SUHSDUDWLRQ RI VRODU SKRWRYROWDLF SURGXFWLRQ GDWD VHULHV 6RPH GDWD IURP WKH













ZHUH WHVWHG )RU H[DPSOH LQ )LJ  DQG  WKH OHDUQLQJ HYROXWLRQ DQG SUHGLFWLRQ UHVXOWV FDQ EH VHHQ IRU D VWXGLHG
K\SRWKHVLVZLWKQHXURQVDQGDGD\VGDWDZLQGRZ
:LQGRZ
[LW [L [L [L [L [Q[LW
LQSXWYHFWRU[ RXWSXW
]N
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OHDUQLQJ UHVXOWV DQG IXUWKHU WKH VRODU SKRWRYROWDLF HQHUJ\ SURGXFWLRQ IRUHFDVWLQJ ,W FDQ DOVR EH QRWLFHG WKDW



















VRODU LQVWDOOHGSRZHU%DVHGRQ WKHVHGDWD LWFDQEHREVHUYHG WKDWVRODUSKRWRYROWDLFHQHUJ\SURGXFWLRQHVWLPDWLRQ
UHSUHVHQWVDFRPSOH[WDVNWKDWUHTXLUHVFRPSOH[PRGHOVWKDWFDQUHIOHFWWKHUHDOGDWDORJLFYDULDWLRQ








QHXUDO QHWZRUNV EHLQJ WHVWHG )URP WKH SHUIRUPHG VWXG\ LW FDQ EH QRWLFHG WKDW WKH DFFXUDF\ RI WKH UHVXOWV LV
LQIOXHQFHGE\WKHFKRVHQPRGHOVVWUXFWXUHDQGWKHUHDUHQRWDEOHGLIIHUHQFHVEHWZHHQWKHWZRFRQVLGHUHGVWUXFWXUHV










FDQ EH FRQFOXGHG WKDW WKH SUHVHQWHG VROXWLRQ VKRXOG EH FDUHIXOO\ FRQVLGHUHG IRU RWKHU HQHUJ\ VRXUFHV SURGXFWLRQ
HVWLPDWLRQVXFKDVK\GURDQGZLQG7KHVHLVVXHVZLOOEHFRYHUHGE\WKHDXWKRUVLQDIXWXUHVWXG\
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